This is an Open Access article licensed under the terms of the Creative Commons AttributionNonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to the online version of the article only. Distribution permitted for non-commercial purposes only. be synthesized by a variety of cell types and secreted into the extracellular matrix. Previous the cardiovascular system through binding to its receptor, Axl. In the present study, we investigated the role of Gas6 in cellular senescence and explored the mechanisms underlying its activity. Methods: We used vascular smooth muscle cells (VSMCs) to create two cellular senescence models, one for replicative senescence (RS) and one for induced senescence (IS), to test the hypothesis that Gas6 delays senescence. Results: Gas6-treated cells appear relatively younger compared with non-Gas6-treated cells. In particular, Gas6-treated cells p16 INK4a and p21 Cip1 expression; conversely, Gas6-treated cells displayed more S phase cells and Gas6 treatment, the levels of PI3K, p-Akt, and p-FoxO3a decreased following Axl inhibition by R428; similarly, the levels of p-Akt and p-FoxO3a also decreased following PI3K inhibition by LY294002. Conclusion: Gas6/Axl signaling is essential for delaying the cellular senescence process regulated by the PI3K/Akt/FoxO signaling pathway.
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Introduction
Aging is a phenomenon in which the functions, adaptability and resistance of an organism decrease over time [1] . With the global population aging at an accelerating pace, aging is becoming a primary focus of researchers worldwide. Accordingly, delaying many of the negative aspects of aging is vitally important for improving the human lifespan and quality of life. The aging of multiple organs can ultimately lead to diseases or even death, and the cardiovascular system is no exception [2] [3] [4] [5] . Indeed, aging is one of the primary risk factors for cardiovascular diseases [6] because aging can alter cardiovascular metabolism, resulting [7, 8] . These processes can affect the structure and function of the cardiovascular system, eventually leading to cardiovascular remodeling. The primary consequence of aging in blood vessels is a decrease in compliance and an increase in stiffness [9, 10] .
In general, aging is caused by cell senescence [11, 12] . Cellular senescence, or the state of irreversible growth arrest, can be triggered by telomere shortening, the epigenetic derepression of the INK4a/ARF locus, and DNA damage, among others [11] . Vascular smooth muscle cells (VSMCs) are the primary cell type in the tunica media vasorum, and the status are the most important factor to consider when studying vascular remodeling, particularly vascular stiffness [13] . Due to the limited life spans of somatic cells, vascular cells eventually enter into a state of irreversible growth arrest [14, 15] . During this process, the levels of negative regulators of the cell cycle, such as p53/p21 and p16, gradually increase with the number of cell divisions [16] [17] [18] [19] [20] [21] [22] , leading to the stagnation of the cell cycle and the activation of cellular senescence [18, 23] , which contributes to aging at both the tissue and individual levels [24, 25] . family and is encoded by human myeloid leukemia cells [27] and was later shown to be a receptor tyrosine kinase [28] . Recent studies have shown that Gas6 can also activate two other receptors: Mer and Tyro3 (also called Sky). Although all three of these receptors are members of the TAM receptor family, their binding strengths with Gas6 and their biological effects are quite different [29] .
is to prevent cells from undergoing apoptosis [30] . In addition, Gas6 and Axl play roles in Therefore, the pathophysiological processes in blood vessels and VSMCs are likely mediated by Gas6 and Axl. Moreover, based on genetic polymorphism analyses, the gene has been associated with stroke and acute coronary syndrome in humans [33] [34] [35] .
Taken together, Gas6 and Axl play critical roles in cardiovascular diseases by regulating the survival and migration of vascular cells and various functions of circulating blood cells. Furthermore, Gas6 and Axl are closely associated with vascular remodeling, particularly in might affect vascular compliance and stiffness have not yet been addressed. In this study, we passaging serially and angiotensin II (Ang II) treatment, which were named the replicative senescence (RS) and the induced senescence (IS) respectively, in order to further tested this hypothesis and explored the signaling pathways downstream of Gas6/Axl that could provide 
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As for the phosphorylated proteins, relative band intensity was the ratio of gray value of phosphorylated protein to that of total protein.
First, each group of cells was plated in 6-well plates. Then, the cells were washed with pre-cooled solution for 15 min at room temperature. All samples were treated as described in the instructions for the statistical analyses. Differences between two groups were determined using independent samples, and were performed using the GraphPad Prism 5.01 software program (San Diego, CA, USA). Differences with
Results
Cip1 and p16 expression thpassage cells as a replicative senescence model (RS) (Fig. 1A and 1B ). In addition, we also Cip1 and p16
that RS and IS models can be established using the above-described methods.
additional Gas6 added every 12 h), the p21 Cip1 and p16 The effects of Gas6 on the IS and RS models were examined using western blotting. In the IS model, the Gas6-treated cells showed low p21
Cip1 and p16 expression. In the RS model, the Gas6-treated cells also showed low p21
Cip1 and p16 Fig. 2A and 2B ). To study Gas6 in the context For the RS model, we treated 9 th -passage cells with Gas6 for 36 h and then passaged them a tenth time because cellular senescence is an irreversible process. For the IS model, Gas6 was added 12 hours after the Ang II treatment, and then the cells were incubated with these two molecules for 48 h. We obtained similar results with both models. In the IS model, the Gas6-treated cells displayed lower levels of p21 Cip1 and p16 expression. In the RS model, the Gas6-treated cells also displayed lower levels of p21 Cip1 and p16 expression.
Gas6 treatment than in the corresponding non-Gas6-treated cells. observed between young cells with and without Gas6 treatment (Fig. 2D) .
To investigate whether the anti-senescent effects of Gas6 are mediated by Axl, we used a soluble form of Axl, the Axl-Fc protein, to neutralize Gas6 within the supernatant at p16 and p21 Cip1 and the staining cells ( Fig. 2E and 2F) .
Taken together, these results demonstrate that Gas6 plays an anti-senescence role in VSMCs. (Fig. 4B) . Therefore, we conclude that Gas6 can decrease the percentage of cells in G1 phase, thereby promoting cell proliferation activity.
To explore the signaling pathways downstream of Gas6 and Axl that delay senescence processes in VSMCs, cells were serum-starved for 12 h to synchronize the cell cycle. Next, we blocked Axl using R428. The R428+Gas6-treated cells were treated with R428 ( treated cells were treated with Gas6 alone for 1 h. In the IS model, compared with nondecreased expression and with p27 displaying increased expression following R248 treatment compared with non-R428-treated cells (Fig. 5A) . was approximately 80% (Fig.   Fig. 6B ). Next, we tested Compared with the cyclin E expression (Fig. 6C) . Moreover, the cell cycle analysis revealed that, compared displayed more G1 phase cells and fewer S phase cells (Fig. 6D) .
and the primary target of Gas6 in mediating senescence in VSMCs.
Discussion
In this study, we demonstrated that Gas6 treatment could delay cellular senescence and that cellular senescence levels increase following the inhibition of the Gas6 receptor cell cycle arrest, which is an important trigger in the development of cellular senescence. In addition, we demonstrated that Gas6 could promote the G1/S phase transition and rescue cells from cell cycle arrest. Finally, we showed that these effects are mediated by the Although numerous factors can lead to cellular senescence, telomere-dependent senescence and stress-induced premature senescence (SIPS) are currently considered found that somatic cells are not capable of unlimited proliferation and will eventually stop growing and a replicative senescence model by passaging cells serially to simulate the natural aging process . We also established an induced senescence model using Ang II treatment to simulate stress-induced senescence because the formation of superoxide anions can cellular senescence process. Indeed, Ang II has been previously shown to cause premature senescence in VSMCs [41, 42] . Therefore, we chose Ang II to induce cellular senescence in this experiment.
Cellular senescence primarily involves two important signaling pathways: the p16 /Rb pathway and the p53/p21 pathway [20, [43] [44] [45] . The expression levels of increase in senescent cells [20] . Therefore, we chose p21 Cip1 and p16 as two important index to quantify the levels of cellular senescence [46] .
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Gas6 can be synthesized and secreted by VSMCs into culture medium . Therefore, we treated cells with a soluble form of the Axl receptor Axl-Fc to neutralize Gas6 in the cell culture supernatant. In particular, Axl-Fc should compete with endogenous Axl for Gas6, thus reducing the effective levels of Gas6 in the medium, equivalent to reducing the levels of Gas6 in the extracellular matrix. We found that the senescence levels in Axl-Fc-treated cells Gas6 can bind to three types of receptors with extremely different biological functions [29] . Strong evidence indicates that Axl plays an important role in the vascular system, particularly in vascular remodeling and angiogenesis [47] [48] [49] [50] . Arguably, Axl is more closely related to the pathological and physiological processes of vascellum. Therefore, we used a , R428 [51] , to explore the changes in the cellular senescence process. We found that R428-treated cells, regardless of whether these cells were also treated with differences were observed between these two R428 treatment groups. Therefore, we propose that Axl is the primary receptor involved in Gas6-mediated cellular senescence delays.
Cell cycle arrest is the most important factor for determining the fate of cells [52] , and long-term stagnation with irreversible cell cycle arrest marks the beginning of senescence of G1/G0 phase cells relative to S phase cells. Therefore, rescuing early senescent cells from cell cycle arrest is key to delaying cellular senescence. In this study, we found that Gas6 can promote the transition of cells from G1/G0 phase to S phase, suggesting that Gas6 could delay the senescence process in VSMCs.
receptor Axl, which was observed in both the IS and RS models; in particular, the R428-treated ( changes that expose a nuclear export signal (NES) and that mask a nuclear localization signal preventing the transactivation of responsive genes such as p27 [56] . p27
As one of the most important factors in regulating the G1/S phase transition, p27 kip1 can prevent the conversion of cells from G1 phase to S phase, resulting in cell cycle arrest [60, 61] . By contrast, as an antagonist of p27 that can promote G1/S transition [62] . In the present study, we found that Gas6-treated cells showed decreased levels of p27 kip1 protein expression in both the IS and RS models compared with their respective controls. The opposite was found for cyclin E; the levels of are consistent with those from the cell cycle analyses showing that Gas6-treated cells display a low percentage of G1 phase cells. Therefore, we can conclude that Gas6 promotes the G1/S signaling pathway. and p27 p27 expression compared with controls, whereas cyclin E levels displayed the opposite Using cell cycle analysis, we also found that the percentages of G1 phase cells and S phase cells increased and decreased, respectively, which may be because Gas6 can no longer regulate the balance between p27 siRNA. Considering the above results, we propose that Gas6 can promote the G1/S phase this process. In summary, we discovered a novel role for Gas6 and Axl in VSMC senescence and that Gas6/Axl may have on the senescence process in other vascular cells remains unclear.
In addition, these results were obtained , and future studies will be required to . This study should provide new insights regarding vascular aging and angiosclerosis.
Conclusions
In this study, we demonstrate that Gas6 plays a role in cell cycle arrest, promotes the G1/S phase transition and alleviates senescence in VSMCs, with Axl playing a key role in this process. We demonstrate that these effects are mediated by the binding of Gas6 to its
